time consuming or do not allow quantitative assessment of these organisms. A complete review of methodologies for the isolation, identification, and enumeration of Aeromonas spp. from clinical, environmental, and food samples has been done by Joseph and coworkers (34) . Since then, other isolation methods have been evaluated and compared for the ability to isolate or detect Aeromonas spp. in food and environmental items (20, 48, 51) and this indicates the need for a reliable, universal, and standard method for the detection of these pathogens in clinical, environmental, and food samples.
The identification of mesophilic Aeromonas spp. remains difficult in routine surveys due to the complex classification of Aeromonas bacteria into phenotypically defined phenospecies and into genomospecies delineated on the basis of DNA-DNA hybridization studies. At least 15 genospecies or HGs related to 14 phenospecies have been validated or proposed (13) . Biochemical allocation of unknown aeromonads into HGs usually involves a large series of tests, ranging from 9 (1) to 136 (35) in number. Well-equipped laboratories can perform cellular fatty acid methyl ester (FAME) composition analysis (27) , DNA fingerprinting by amplified fragment length polymorphism analysis (28) , multilocus enzyme electrophoresis (MEE), or ribotyping (50) to identify Aeromonas spp. to the genomospecies level. Nevertheless, the above-mentioned methods cannot reveal the pathogenic or nonpathogenic character of unknown Aeromonas sp. isolates (39) .
An interesting approach for the direct detection of potentially pathogenic Aeromonas sp. isolates is the use of virulence determinants as genetic markers. A significant number of Aeromonas sp. virulence genes have been described, including the aerolysin genes (15, 24, 25, 26) ; hemolysin genes from A. hy-drophila and A. sobria (22) , A. salmonicida (23) , and A. caviae (52) ; an extracellular lipase gene from A. hydrophila (7) ; a cytolytic enterotoxin gene of A. hydrophila (16) ; and a hemolytic toxin gene of A. trota (36) . The first study using the PCR technique for specific detection of an A. hydrophila virulence gene, the hole-forming toxin gene (25) , was accomplished in Canada by Pollard and coworkers (47) . Using a pair of primers designed on the basis of this known gene sequence, the authors were able to detect beta-hemolysin-positive A. hydrophila strains from patients with diarrhea, whereas control strains of hemolytic A. sobria, nonhemolytic Aeromonas spp., and A. caviae strains, even those producing cytotoxin or enterotoxin, were negative with these primers. A Swedish study (8) using the same primers confirmed the Canadian findings (47) when screening for the presence of the aerolysin gene in water, fish, and foods isolates. Another PCR technique for the detection of two hemolysin genes of A. sobria was conducted in Japan (49) , where none of the virulence factors found with other Aeromonas spp. were detected.
The present report describes the development of a new PCR method that detects cytolytic enterotoxin and aerolysin genes in Aeromonas spp. by using one pair of primers for a specific gene or a cocktail of primers for the most known virulence genes of Aeromonas spp. In combination with PCR-restriction fragment length polymorphism (PCR-RFLP) and/or PCR-amplicon sequence analysis (PCR-ASA), the described PCR assay also allows partial determination of the HG of a potentially virulent isolate from a clinical, environmental, or food sample.
MATERIALS AND METHODS

Bacterial strains and cultural media. (i) Bacterial strains.
For the reference strains and the clinical, environmental, and food isolates used in this investigation, see Tables 2 and 3 . All strains were identified by either FAME, MEE, or ribotyping as described previously (6, 27, 39, 50) or by serotyping with a unpublished serology test developed at the National Veterinary Laboratory, Aarhus, Denmark.
(ii) Isolate preservation. All strains were purified on Columbia sheep blood agar (bio-Merieux, Geneva, Switzerland) upon receipt in our laboratory. Subsequently, a typical colony was grown in Tryptone soya broth (Oxoid CM 129; Fakola AG, Basel, Switzerland) at 28°C for 16 h. For preservation purposes, stock cultures were prepared in 30% sterilized glycerol (Glycerol G-5150; Sigma, Buchs, Switzerland) and maintained at Ϫ70°C.
Bacterial DNA extraction for PCR. Approximately 100 l of a Tryptone soya broth (Oxoid) culture grown for 16 h at 28°C was used for DNA extraction using the InstaGene matrix (Bio-Rad Laboratories AG, Glattbrugg, Switzerland) in accordance with the manufacturer's instructions. Subsequently, 5 l of the DNA solution was used as a template for PCR amplification.
Strategies for primer design. An A. hydrophila cytolytic enterotoxin gene (AHCYTOEN) was described (16) as a multivirulence gene including lethality in mice, hemolysis, cytotoxicity, and enterotoxigenicity. Some of those activities are part of the virulence factors of other Aeromonas spp. For this reason, the AHCYTOEN gene was chosen as the reference gene in this investigation.
First, we aligned the AHCYTOEN gene with other aerolysin genes, i.e., GenBank accession no. M16495 (24) , U40711 (52) , and AF064068 (36) and EMBL accession no. X65043, X65044, X65045, X65046 (21), X65048 (22) , and Y00559 (26) , to find the related regions. This alignment was performed with the Bestfit program of the GCG software (Genetics Computer Group, Inc., Madison, Wisc.). Finally, unique and specific primers were selected from open reading frame 2 (ORF2) of the AHCYTOEN gene by using Primer Designer 3 software (Scientific & Educational Software, Durham, N.C.). The selected primers were then simultaneously compared to other sequences in the GenBank database to verify their identity and similarity to Aeromonas sp. genes and those of other species.
Master mixture preparation and PCR condition optimization. As previewed by the Primer Designer 3 software, the eight selected primers (AHCF1, -2, and -3 and AHCR1, -2, -3, -4, and -5 [see Table 1 ]) constitute five combinations of primers or a cocktail of all of the primers that produce an amplicon of 232 bp under identical amplification conditions. The annealing temperature indicated by the software was increased by 10°C in order to increase the stringency of primer annealing and to avoid nonspecific binding. Of the five possible primer combinations, only the combination of AHCF1 and AHCR1 was used for clinical, environmental, and food isolates because they displayed 100% homology with the counterpart AHCYTOEN gene and an extracellular hemolysin gene (EMBL accession no. X65045) (21) , which represented the two main groups of virulence factors in the genus Aeromonas, i.e., enterotoxins and hemolysins. The cocktail master mixture containing all eight primers was used only for the reference strains, which were found to be negative for the AHCF1-AHCR1 primer combination master mixture. All primers were purchased from MWG-Biotech GmbH (Ebersberg, Germany).
Optimization of the PCR protocol was performed by using 50 l of a PCR mixture containing 5 l of template DNA, 8 l of a mixture containing each deoxynucleoside triphosphate at 0.2 mM (Roche Diagnostics AG, Rotkreuz, Switzerland), 5 l of GeneAmp 10ϫ PCR buffer II (Perkin-Elmer, Rotkreuz, Switzerland), 5 l of a 25 mM MgCl 2 solution (3.0 mM final concentration; Perkin-Elmer), 0.25 l of a 200 M solution of each primer (1 M final concentration), 0.10 l of Tween 20 (2% final concentration) (Sigma), 0.25 l of AmpliTaq Gold at 5 U/l (1.25-U final concentration) (Perkin-Elmer), and 26.15 l of sterile double-distilled water, to make the final volume 50 l. The PCR mixture was made in a sterile, laminar-airflow environment in a large volume to produce approximately 100 tubes of 45 l each, combining all of the ingredients except the template DNA, and stored at Ϫ20°C. PCR amplification was performed with a GeneAmp 9600 PCR system (Perkin-Elmer) by using the following temperature program: 1 cycle of denaturation for 10 min at 95°C; 25 cycles of melting at 95°C for 15 s, annealing at 66°C for 30 s, and elongation at 72°C for 30 s; and a final extension round at 72°C for 10 min. The PCR amplicons were separated electrophoretically by loading a total amplicon volume of 20 l including 6 l of stop solution buffer onto a 2.5% agarose gel (pulsed-field-certified agarose; Bio-Rad Laboratories AG). Electrophoresis was performed in 0.5ϫ Tris-borate-EDTA buffer-double-distilled water (Roche Diagnostics AG) for 1 h at 100 V. Amplicons were visualized with UV light after the agarose gel had been soaked for 15 min in an ethidium bromide solution (0.5 g/ml; Bio-Rad Laboratories AG).
Characterization of amplicons. The PCR products were purified by using the QIAquick PCR Purification Kit (QIAGEN AG, Basel, Switzerland) and quantified by using the GeneQuant instrument (Pharmacia-Biotech Europe GmbH, Dübendorf, Switzerland) in accordance with the instructions provided by the manufacturers. PCR-RFLP analysis using the endonuclease HpaII as indicated by the Clone Manager software (Scientific & Educational Software) and PCR-ASA were used to characterize the 135 amplicons available for this purpose.
The following procedure was used for PCR-RFLP analysis. A 10-g sample of the purified PCR product was digested for 16 h at 37°C with endonuclease HpaII (Roche Diagnostics AG) in accordance with the manufacturer's instructions. The fragments were separated by electrophoresis of 20 l of the digested product in 3.5% agarose gel (pulsed-field-certified agarose; Bio-Rad) and subsequently visualized with ethidium bromide fluorescence.
For PCR-ASA, the cycle sequencing reaction mixture was prepared with the Big Dye Terminator Cycle Sequencing Ready Reaction Kit (PE Applied Biosystems, Rotkreuz, Switzerland). Excess terminators were removed by the CentriSep Spin Column Purification System (PE Applied Biosystems) before preparation and loading of the samples onto the ABI PRISM 310 Genetic Analyzer System (PE Applied Biosystems) as specified by the manufacturer's protocol. The obtained sequences were aligned with the amplicon of the AHCYTOEN gene predicted by the Primer Designer 3 software by using the Bestfit program of the GCG software.
RESULTS
Sequence alignment and primer design strategies. Results of sequence alignment and the primer design strategies are detailed in Table 1 . Alignment of the AHCYTOEN gene with the aerolysin genes of Aeromonas spp. revealed high sequence similarities ranging from 73.1 to 96.9% (Table 1 ). The most commonly shared region of the AHCYTOEN gene was ORF2, with its 1,515-bp length. The search for primers within this ORF provided two 22-bp primers unique to the AHCYTOEN gene, i.e., AHCF1 (5Ј-GAG AAG GTG ACC ACC AAG AAC A-3Ј) and AHCR1 (5Ј-AAC TGA CAT CGG CCT TGA ACT C-3Ј). Comparison of these primers to sequences in the GenBank database generated six more primers, including forward primers AHCF2 and AHCF3 and reverse primers AHCR2, AHCR3, AHCR4, and AHCR5 (Table 1) , from the other aerolysin genes with high sequence identities to AHCF1 and AHCR1 ranging from 90 to 100%. More base mismatches in the generated primers were found with AHCR1 than with AHCF1.
PCR amplification. Results of PCR amplification using wellcharacterized reference strains and wild-type isolates are reported in Tables 2 and 3 . For the reference strains, PCR amplification using a specific combination of primers for a specific gene or using the cocktail master mixture produced an amplicon of 232 bp, as predicted by the Primer Designer 3 software. Of the 61 Aeromonas reference strains tested, the 30 (49.2%) that were positive for the primer combination AHCF1-AHCR1 master mixture were found in HG1 (A. hydrophila), HG2 (A. bestiarum), HG3 (A. hydrophila and A. salmonicida), HG6 (A. eucrenophila), HG7 (A. sobria), and HG8 (A. veronii biogroup sobria). When the cocktail master mixture was used, 37 (61%) of the 61 reference strains were positive. Some of the reference strains negative with the AHCF1-AHCR1 mixture, e.g., in HG6 (A. eucrenophila), HG10 (A. veronii biogroup veronii), HG11 (A. encheleia), and HG13 (A. trota), turned out to be positive with the primer cocktail master mixture. No representatives of HG4/5A/5B (A. caviae-A. media complex), HG9 (A. jandaei), or HG12 (A. schubertii) were found to be positive for the targeted genes. Two positive representative reference strains of each HG were tested with all five combinations, including the cocktail master mixture. Some of them produced more than one amplicon as evidence that they possess more than one virulence factor, e.g., strain ATCC 43979 T (HG7) (results not shown). The application of this PCR procedure to isolates from clinical, environmental, and food isolates when using the primer combination AHCF1-AHCR1 showed that 227 (65%) of 351 strains were positive for the targeted virulence markers. Use of the primer combination AHCF1-AHCR1 for the clinical, environmental, and food isolates was justified by the fact that almost all of the isolates received in our laboratory for this investigation were in HG1, HG2, HG3, HG4, HG5A, HG5B, or HG8. The reference strains in these HGs always reacted positively or negatively with both primers AHCF1 and AHCR1 and the cocktail master mixture. Of the 55 isolates which were not characterized to the genotype (HG) level because they could not grow on the culture medium required for identification by the FAME method or which were only serotyped (fish isolates), 31 (56%) were positive for one of the virulence factors.
Specificity of primers. The specificity of the primer combination AHCF1-AHCR1 and the cocktail master mixture for the amplification of the 232-bp amplicon in Aeromonas spp. was demonstrated by the negative PCR results obtained with all of the non-Aeromonas reference strains (Table 2) .
PCR-RFLP characterization. Results of the characterization of the reference strains and isolates by PCR-RFLP are presented in Tables 2 and 3 , respectively. The characterization of the 232-bp PCR product from reference strains by restriction enzyme digestion (PCR-RFLP) using endonuclease HpaII revealed three types of amplicons, as predicted by the Clone Manager software ( Fig. 1 and 2 ). PCR-RFLP type 1 (PCR-RFLP 1), exhibiting two restriction fragments of 66 and 166 bp, was found in HG6, HG7, HG8, HG10, and HG11 (e.g., strain A926; Table 2 ). PCR-RFLP 2, displaying three restriction fragments of 18, 66, and 148 bp, was found in HG1, HG2, HG3, and HG11 (e.g., strain A1653; Table 2 ). PCR-RFLP 3, with four fragments of 7, 20, 66, and 139 bp, was found only in HG13. PCR-RFLP characterization of amplicons of Aeromonas isolates from clinical, environmental, and food samples by either FAME, MEE, or ribotyping generally produced the same values as the reference strains. All 18 amplicons of the A. veronii complex isolates tested were found to be of PCR-RFLP 1. Of the 57 amplicons of HG1, HG2, HG3, and the HG4/ 5A/5B complex tested, only 2 (1 of HG1, isolated from water in Belgium, and 1 from a clinical isolate of HG4 from Bangladesh) were of PCR-RFLP 1 instead of PCR-RFLP 2. Divergent results were found when the HGs of the isolates were not identified or when they were serotyped by the Danish National Veterinary Laboratory serotyping system, except for A. salmonicida, for which all six of the amplicons tested were of PCR-RFLP 2.
PCR-ASA characterization. The results of PCR-ASA for the reference strains demonstrated the existence of three PCR-ASA groups in Aeromonas (Table 2 ). Similarly to PCR-RFLP 1, PCR-ASA group 1 (PCR-ASA 1) includes strains of the A. veronii complex in HG6, HG7, HG8, HG10, and HG11. All six of the positive strains of this complex tested for this analysis showed sequence similarities ranging from 76 to 78% compared to the reference amplicon of the AHCYTOEN gene. PCR-ASA 2, with 82% sequence similarity, was found exclusively in HG13. PCR-ASA 3 contained HG1, HG2, HG3, and HG11, with sequence similarities to the reference amplicon of the AHCYTOEN gene varying from 91 to 99%. The results of PCR-ASA of amplicons from clinical, environmental, and food isolates characterized by either FAME, MEE, or ribotyping as for PCR-RFLP characterization were similar to those obtained with the reference strains. Again, as for the PCR-RFLP test, the isolates which were not characterized with respect to HG (Table 3) , except for isolates identified as A. salmonicida by serotyping. All six of these isolates of A. salmonicida had the PCR-ASA 3 profile.
DISCUSSION
The results of alignment analysis have shown that high sequence homologies exists between the AHCYTOEN gene and other aerolysin genes, ranging from 73.1 to 96.7%, thus confirming clearly the high level of DNA relatedness of Aeromonas sp. virulence factors. This enabled us to retrieve specific primers from their common regions (Table 1) . We found that the ORF2 region within the AHCYTOEN gene was the most common region of the aligned genes. The systematic search for specific primers from ORF2 within the AHCYTOEN gene led to the selection of primers AHCF1 (forward) and AHCR1 (reverse). These primers were selected for their uniqueness to this gene, but when these primers were compared to sequences in the GenBank database, high sequence similarities to eight other described virulence genes of the Aeromonas complex were revealed by gene alignment analysis (Table 1) . From the primer comparison results, six more primers were generated, including AHCF2, AHCF3, AHCR2, AHCR3, AHCR4, and AHCR5, each with the ability to amplify the same amplicon from its specific gene. The master mixture using all eight primers (cocktail master mixture) also produced the 232 bp in reference strains.
Among the described virulence factors of Aeromonas spp., two major groups are frequently associated with its pathogenicity, namely, the aerolysins and the enterotoxins (11). The specific and rapid detection of the virulence genes ( Table 1) by means of molecular techniques has been the subject of many studies during the last decade (8, 14, 35, 41, 47) . However, many of these investigations were limited to the detection of one specific virulence gene. Theoretically, primers AHCF1 and AHCR1 used in this investigation were designed to target both the AHCYTOEN gene and the extracellular hemolysin gene with EMBL database accession no. X65045 (22) of A. hydrophila on the basis of 100% sequence homology. In practice, however, these primers produced amplicons in almost all of the HGs of the reference strains except HG9, HG10, HG11, HG12, and HG13. Also, we observed that these particular HGs were practically absent in the wild-type strains we received from different laboratories for this investigation. This observation demonstrates the multigene detection characteristics of the two-primer set AHCF1-AHCR1 used in this work for wildtype isolates and its greater usefulness than previously described primers (14, 46, 49) . The results of PCR-RFLP analysis of Aeromonas reference strains with endonuclease HpaII have revealed that three main types or clusters of virulence genes coexist in the 15 HGs of Aeromonas spp. (Fig. 1 and 2) .
As for the PCR-RFLP, the PCR-ASA of the 232-bp amplicons showed that representatives of all known Aeromonas HGs can also be divided into three types (Tables 2 and 3 ). In Aeromonas sp. taxa, amplicons from A. hydrophila HG1 and A. encheleia HG11 (e.g., strain A1653; this strain was recently moved from HG6 [A. eucrenophila] to HG11 [A. encheleia]) reference strains were most closely related to the AHCYTOEN gene sequence, with homologies between 97 and 99%. The strains of A. bestiarum HG2 were more versatile in their homology to the AHCYTOEN gene, with 91 to 95% sequence homology, whereas all of the reference strains of HG3, including A. hydrophila and A. salmonicida, exhibited 91% of homology to the AHCYTOEN gene. These data clearly illustrated the stability of this gene in these HGs ( Table 2 ).
The reference strains of A. caviae (HG4/5A/5B) could not be classified in any of the defined PCR-RFLP or PCR-ASA types because all representatives were negative for the 232-bp amplicon with the primer set AHCF1-AHCR1 and the cocktail master mixtures. The lack of these genes in A. caviae (HG4/ 5A/5B) is in agreement with previous reports (3, 21, 31, 32, 53) which suggested that this group of aeromonads are less virulent and less cytotoxigenic than other Aeromonas taxa. Nevertheless, recent studies have demonstrated the production of cytotoxin by A. caviae strains under specific culture conditions and its implications for the generation of diarrhea in very young children and old people (40, 45) . Negative 232-bp amplicon detection results were also obtained with the A. jandaei (HG9) and A. schubertii (HG12) reference strains. Since only a limited number of strains were included, it is not possible to report on the distribution of hemolytic or enterotoxin genes in these Aeromonas HGs.
The PCR-RFLP and PCR-ASA assays performed on Aeromonas reference strains have proven to be helpful tools for the detection and characterization of potential enterotoxigenic and hemolytic aeromonads. This characterization can be performed in any molecular laboratory, depending on the availability of equipment, principally a thermocycler and the restriction endonuclease HpaII. The application of these procedures to clinical, environmental, and food isolates will permit not only the detection of the virulence genes but also their characterization and the distribution of these genes in wild isolates from different sources or in their HGs.
Of the total of 350 clinical, environmental, and food isolates of Aeromonas spp. included in this study, 65% harbored virulence genes. Fifty percent of the human clinical isolates originating from Bangladesh, Ivory Coast, and Switzerland were positive by PCR for virulence factors and belonged mainly to the A. caviae complex (HG4/5A/5B), A. hydrophila (HG1), and A. veronii (HG8/10) ( Table 3) . Although it is very likely that clinical isolates possess at least one virulence gene, it should be kept in mind that Aeromonas spp. are well recognized as opportunistic organisms that may be present in diarrheal stool as commensals rather than as primary pathogens (3). In addition, the primers used for PCR identification in this study may not Metaphor agarose gel (Bioconcept, Allschwil, Switzerland) stained with ethidium bromide at 0.5 g/ml (Bio-Rad). Lanes: 1 and 15, DNA size marker VIII (Roche Diagnostics AG; catalog no. 1336 045); 2, a PCR-RFLP 2 of A17 (ATCC 7966), a reference strain of HG1 isolated from canned milk from the United States; 3, PCR-RFLP 2 of A307 (ATCC 51108), a reference strain of HG2 isolated from a fish in France; 4, PCR-RFLP 2 of A14 (LMG 13674), a reference strain of HG3 that is an environmental isolate from Germany; 5, PCR-RFLP type 1 of A914 (CDC 9179), a reference strain of HG6 (source unknown); 6, PCR-RFLP 1 of A312 (ATCC 43979), a reference strain of HG7 that is a fish isolate from France; 7, PCR-RFLP 1 of A10 (CCUG 30356), a reference strain of HG8 that is an environmental isolate from Germany; 8, PCR-RFLP 1 of A901 (ATCC 35624), a reference strain of HG10 that is a clinical isolate (sputum) from the United States; 9, PCR-RFLP 1 of A926 (CDC 3136), a reference strain of HG11 that is a water isolate from the United States; 10, PCR-RFLP 3 of A1645 (ATCC 49659), a reference strain of HG13 that is a clinical isolate from the United States; 11, uncut 232-bp amplicon of strain A1645; 12, PCR-RFLP 2 of a wildtype strain (BP 3) of HG1 that is a clinical isolate of HG1 from Bangladesh; 13, PCR-RFLP 2 of a wild-type strain (CBK 45) of HG3 that is a pork meat isolate from Switzerland; 14, PCR-RFLP 1 of a wild-type strain (BE 6) of HG8 that is an environmental isolate from Bangladesh. (Table  1) . Interestingly, all of the Swiss human and environmental isolates of A. caviae were found to be negative for the targeted genes whereas 25% of the A. caviae isolates originating from Bangladesh harbored virulence genes. This may confirm the previously published observations that geographical variation in virulence factors for this Aeromonas species may exist (3). A total of 22 amplicons from human clinical isolates belonging to A. bestiarum (n ϭ 1), A. caviae (n ϭ 4), A. hydrophila (n ϭ 5), and A. veronii (n ϭ 12) were included for PCR-RFLP and PCR-ASA assays. All positive A. caviae isolates from Bangladesh were classified as members of HG4 and belonged to PCR-RFLP 2 and PCR-ASA 3 with amplicon sequence homologies ranging from 93 to 100%. Clearly, these amplicons show high relatedness to the reference sequence of the multivirulence AHCYTOEN gene found mostly in A. hydrophila HG1. In this study, amplicons of reference strains and clinical and environmental isolates of HG1 exhibited 97 to 100% homology with the AHCYTOEN gene (Table 3 ). In addition, it was found that the PCR-RFLP and PCR-ASA profiles of HG1 isolates were similar to those of HG1 reference strains, suggesting that these isolates possess a multiple-virulence gene comparable to the AHCYTOEN gene. Previous clinical studies (37, 43) have suggested that the expression of multiple biological activities, as in the case of the AHCYTOEN gene, is necessary for the expression of microbial pathogenicity.
All of the 23 clinical isolates of A. veronii included in this investigation contained the 232-bp amplicon. Of the 12 ampli- Fresh water is known to be a source and reservoir of Aeromonas spp. Among the 60 water isolates, 58% were found to be potentially pathogenic. Virulence genes were found in a high proportion in all species but in none of 15 A. caviae (HG4/5A/ 5B) isolates. All A. bestiarum and A. hydrophila isolates were found to be of PCR-ASA 3 and PCR-RFLP 2. A strain of A. hydrophila of HG1 and one of A. caviae of HG4 were found to be of PCR-ASA 1 and PCR-RFLP 1; these were the only cases of FAME-characterized isolates to be found so among all of the reference strains and wild isolates.
The Aeromonas sp. fish isolates under study were dominated by A. salmonicida (n ϭ 52), followed by A. hydrophila (n ϭ 12) and A. veronii (n ϭ 8), as determined by serotyping. In contrast to the reference strains, the distribution of virulence genes determined by the PCR-RFLP and PCR-ASA tests among the PCR-RFLP 1 or 2 and PCR-ASA 1 or 2 amplicons in isolates classified as A. veronii or A. hydrophila demonstrated the lack of specificity of the serotyping technique in the classification of Aeromonas spp. Furthermore, it was interesting to note such a proportion (85%) of PCR-positive A. salmonicida isolates, among which almost all of the amplicons belonged to PCR-RFLP 2 and PCR-ASA 3. The fact that all of the fish isolates were isolated from moribund fish may confirm the high pathogenicity of A. salmonicida for fish.
A total of 67% of the food isolates originating from beef, minced meat, pork, poultry, seafoods, perch, salmon, and vegetables possessed one of the targeted virulence genes. The majority of these food isolates were identified as A. bestiarum HG2 and A. hydrophila HG3. The virulence genes of these isolates, as shown by molecular analysis, belonged to PCR-RFLP 2 and PCR-ASA 2. Representatives of the A. caviae complex were rarely isolated from foods of animal origin, and none of them was positive for the virulence genes. These strains mostly originated from vegetables sampled in Belgium, and 29% were found to be positive for the targeted virulence genes. Also, A. veronii HG8/10 was not frequently found among the food isolates; the few positive amplicons all belonged to PCR-RFLP 1 and PCR-ASA 1.
In conclusion, we found that the alignment and comparison analysis of the described aerolysins, hemolysins, and AHCYT OEN genes of Aeromonas spp. confirm the high homologies reported in the literature. The primers designed from the 10 Aeromonas sp. virulence factor genes permit the detection of any of the above virulence markers according to a specific need. The results of the application of the PCR-RFLP and PCR-ASA assays to Aeromonas reference strains and clinical, environmental, and food isolates demonstrated that the detection and identification of potentially pathogenic Aeromonas spp. have become more specific, faster, and easier to perform than conventional phenotyping methods. The PCR procedure did not detect the targeted virulence genes in reference strains of A. caviae; however, there were 10 (15%) of 68 well FAMEcharacterized positive A. caviae isolates, including 4 clinical isolates of HG4 from Bangladesh and 6 vegetable isolates from Belgium, of which 4 were identified as belonging to the A. caviae complex. In this context, the geographic variation in virulence and/or the failure of actual characterization systems for A. caviae isolates should be considered. Virulence genes were detected and characterized in well-typed reference strains. They were also found and characterized in 65% of wild isolates of Aeromonas spp. from around the world which originated from different samples, proving the universality of the procedures described here. The characterization of the PCR products by PCR-RFLP using endonuclease HpaII and PCR-ASA revealed three major types or clusters of amplicons. It may suggest the classification of pathogenic Aeromonas sp. virulence genes into three main groups (aerolysins-hemolysins, cytolytic enterotoxins, and cytotonic enterotoxins) with PCR-RFLP 1, 2, and 3 and PCR-ASA 1, 2, and 3. The PCR, PCR-RFLP, and PCR-ASA systems may prove to be important tools for the detection, identification, differentiation, and distribution of virulence markers in HGs. These tools will give microbiologists an alternative way to understand pathogenicity in Aeromonas spp. and their distribution in isolates from different sources and HGs.
